We present X-ray observations of the active galactic nucleus (AGN) in NGC 4785. The source is a local Seyfert 2 which has not been studied so far in much detail. It was recently detected with high significance in the 15-60 keV band in the 66 month Swift/BAT all sky survey, but there have been no prior pointed X-ray observations of this object. With Suzaku, we clearly detect the source below 10 keV, and find it to have a flat continuum and prominent neutral iron fluorescence line with equivalent width ∼ > 1 keV. Fitting the broadband spectra with physical reflection models shows the source to be a bona fide Compton thick AGN with N H of at least 2 × 10 24 cm −2 and absorption-corrected 2-10 keV X-ray power L 2−10 ∼ few times 10 42 erg s −1 . Realistic uncertainties on L 2−10 computed from the joint confidence interval on the intrinsic power law continuum photon index and normalization are at least a factor of 10. The local bona fide Compton thick AGN population is highly heterogeneous in terms of WISE mid-infrared source colours, and the nucleus of NGC 4785 appears especially sub-dominant in the mid-infrared when comparing to other Compton thick AGN. Such sources would not be easily found using mid-infrared selection alone. The extent of host galaxy extinction to the nucleus is not clear, though NGC 4785 shows a complex core with a double bar and inner disk, adding to the list of known Compton thick AGN in barred host galaxies.
INTRODUCTION
Accurate assessment of the number density of highly obscured AGN remains a topic of intense interest. Compton thick AGN (with line-of-sight column densities of NH ∼ >1.5 × 10 24 cm −2 ) are expected to constitute a substantial fraction of the entire AGN population (Matt et al. 2000; Comastri et al. 1995; Fabian & Iwasawa 1999; Gandhi & Fabian 2003; Gilli, Comastri & Hasinger 2007; Treister, Urry & Virani 2009; Draper & Ballantyne 2010; Akylas et al. 2012; Ueda et al. 2014 ). Yet, their census appears to be far from complete. This is because photoelectric absorption and Compton scattering in the obscuring material (generally attributed to the ∼ pc-scale circumnuclear torus of AGN unification schemes) results in severe attenuation of the direct AGN continuum below 10 keV, and higher energy observations are needed for probing this component. At much higher columns, the only components to remain visible may be the reflected and scattered components, whose emitted flux is typically just a few per cent, or less, of the intrinsic AGN power (Iwasawa, Fabian & Matt 1997; Gandhi et al. 2014 ; Arévalo et al. 2014; Baloković et al. 2014 ).
This makes identification and characterisation of Compton thick AGN (hereafter, CTAGN) a daunting task.
Somewhat paradoxically, CTAGN at high redshift may be more easily identified because of the redshifting of high energy rest frame X-rays to below 10 keV. The exquisite point spread function and sensitivity of¸and deep follow up with XMM-Newton over this energy range have resulted in the compilation of a few representative samples of distant CTAGN (Brightman et al. 2014; Georgantopoulos et al. 2013 ).
In the local universe, probing the intrinsic continuum of CTAGN requires an ability to detect photons over the observed frame energy range above 10 keV, where, until recently, sensitive instruments have been lacking. As a result, only about 20 CTAGN are known that are well characterized based upon a detection above 10 keV as well as a fluorescence iron Kα emission line at 6.4 keV characteristic of reflection (Della Ceca et al. 2008; Goulding et al. 2012; Gandhi et al. 2014) . Increasing the number of these 'bona fide' CTAGN is important for an accurate census of obscured accretion in the local universe.
Swift/BAT (Gehrels et al. 2004; Barthelmy et al. 2005 ) is carc 0000 RAS rying out the most sensitive survey of the high energy sky, over a full observed energy range of 14-195 keV. There are two complementary and independent processings of the BAT maps, one by the Goddard team (cf. Tueller et al. 2008 Tueller et al. , 2010 Baumgartner et al. 2013 ) and one by the Palermo team which uses modified energy bands (cf. Cusumano et al. 2010b,a; Segreto et al. 2010) . These have slightly differing optimizations, but there is broad agreement between both. The latest catalogs reach 4.8 σ flux limits of ∼ 10 −11 erg s −1 cm −2 over 50 % of the sky.
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Follow-up and cross-matching of this survey has provided new insights on AGN in hard X-rays. Results include a new hard X-ray luminosity function (Burlon et al. 2011) , measuring the anti-correlation between luminosity and column densities in Compton-thin AGN (Winter et al. 2009; Vasudevan et al. 2013) , and insights into AGN triggering as a result of mergers (Koss et al. 2010) . Cross-matching with all-sky infrared catalogs has provided new diagnostics for identification of various AGN classes (e.g. Matsuta et al. 2012; Ichikawa et al. 2012; Maselli et al. 2013 ). Finally, follow-up with low energy X-ray missions, especially Suzaku, has proven to be very effective in identifying previously missed sources, including AGN with tori providing strong reflection and/or Compton thick absorption (Ueda et al. 2007; Severgnini et al. 2011; Gandhi et al. 2013) .
Here, we present new Suzaku follow-up observations of NGC 4785, selected as a little studied Seyfert (Sy) 2 galaxy first detected in hard X-rays on the 66 month BAT maps by the Palermo group. The host galaxy is classified as a barred spiral [(R')SB(r)b] according to the Third Reference Catalog of Bright Galaxies (de Vaucouleurs et al. 1991) . Despite having been recognized as a nearby (z = 0.0123) Sy 2 almost three decades ago (Fairall 1986 ), the AGN properties remain unknown to a large degree. For instance, there has been no pointed observation of the source with any X-ray mission to date. And though the [O III]/Hβ optical emission line flux ratio is known to be very high (Fairall 1986) , no absolute emission line fluxes have been published, to our knowledge.
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Suzaku reveals the source to be reflection-dominated over ∼ 2-10 keV. The combination of Suzaku and Swift/BAT data is used to model the broadband X-ray spectrum and show the source to be a bona fide CTAGN. We discuss the origin of the broadband X-ray emission, constraints on the intrinsic source power, and implications for multiwavelength studies of the CTAGN population in general. Luminosities quoted herein are based upon a redshift z = 0.01311 corrected to the reference frame of the Cosmic Microwave Background and with a flat Planck cosmology with H0 = 67.3 km s −1 Mpc −1 and ΩΛ = 0.685 (Planck Collaboration 2013), corresponding to a distance of 59 Mpc. Note that a TullyFisher based distance of 49.6 Mpc is reported in the literature (Theureau et al. 2007 ), but other complementary redshiftindependent measurements are lacking. So we use the redshiftbased distance herein. All X-ray spectral fitting is carried out with the XSPEC package v12.8.1g (Arnaud 1996) and uncertainties are quoted at 90% confidence, unless stated otherwise. 
OBSERVATIONS

Swift
NGC 4785 was first presented as a detection above 10 keV in the 66 month BAT catalog, 3 where the X-ray detection has a signal-tonoise (S/N) of 7 in the 15-60 keV band. More recent processings in progress have improved the S/N to 9.1 in the 100 month catalog.
4 . The X-ray source is offset by 0.54 arcmin from the optical coordinates of NGC 4785, well within the BAT positional uncertainty.
Here, we use the most recent data from the Palermo team which is a cumulative exposure of ≈ 112 months. The response matrix is publicly available with the BAT 66 month catalog.
Suzaku
Suzaku observed NGC 4785 on 2013-07-22 (ObsID 708003010) for an exposure of 79,388 s. The low energy instrument called the X-ray Imaging Spectrometer (XIS; Koyama et al. 2007 ) and the high energy Hard X-ray Detector (HXD; Takahashi et al. 2007; Kokubun et al. 2007) were both operated in their standard modes with an XIS-nominal pointing.
The standard Suzaku software available as part of FTOOLS v6.15.1 (Blackburn 1995) was used for data reduction. Cleaned event files were generated using standard filtering with pipeline v2.8.20.35 processing and used for the analysis herein. A 3.4 arcmin radius circular aperture was used for integrating XIS source counts, and background counts were extracted from external source-free regions using a polygonal region. The Suzaku calibration database dated 2014-05-23 was used for generating response matrices (RMFs) and auxiliary response files (ARFs). The responses of the two front illuminated (FI) CCDs XIS0 and XIS3 match closely, so the spectra and responses were combined into one. The spectrum from the back illuminated (BI) detector XIS1 was treated separately. For fitting, the spectra were grouped to have a minimum S/N of at least 3 per energy bin after background subtraction.
For HXD/PIN (sensitive between ≈ 15-60 keV), event extraction was carried out using the FTOOLS task hxdpinxbpi. This extracts spectral counts, corrects for deadtime, and also returns a background spectrum which incorporates a typical contribution of the cosmic X-ray background (CXB) component to the 'tuned' background model provided by the Suzaku team. Note that we used the latest version 2.2 (2.2ver1403) processing files which provide a more accurate estimate of the tuned non X-ray background for observations after August 2012.
The source is too faint to be detectable in the higher energy HXD/GSO array, which is not considered here.
RESULTS
Swift
Fitting the BAT range with a power law (PL) returns a photon index of Γ = 1.67 
Suzaku
The source is undetected in the HXD/PIN. The total PIN count rate (source+background) is 0.247 ± 0.002 (15-60 keV), corresponding to a flux of 2.4 × 10 −10 erg s −1 cm −2 when using a simple PL to characterise the HXD band. The typical systematic uncertainty on the NXB reproducibility is about 3 % for long observations (Fukazawa et al. 2009 ) which results in an HXD/PIN flux upper limit of F15−60 ∼ 7.3 × 10 −12 erg s −1 cm −2 . This limit is consistent with the Swift/BAT fitted model, which has a flux F15−60 = 5.3 × 10 −12 erg s −1 cm −2 , and the PIN data are not included in the analysis hereafter.
The source is clearly detected in the XIS FI and BI detectors. The spectra are shown in Fig. 1 . The net count rates over the full range of ∼ 0.3-10 keV are 9.1(±0.4) × 10 −3 cts s −1 (FI) and 1.4(±0.1) × 10 −2 cts s −1 (BI), respectively.
Broadband modelling
Fitting a simple PL model shows excesses above and below 2 keV suggesting the presence of at least two separate components. Over the 2-10 keV range, we find that a hard PL with Γ = 0.69 ± 0.37 and a 6.4 keV Fe Kα line at the source systemic redshift can characterize the spectral shape adequately with χ 2 = 42.5 for 41 degrees of freedom (dof). The observed flux is F2−10 = 2.4 −0.4 keV. Such a flat spectral shape and strong Fe line are characteristic of reflection-dominated spectra as may be expected in CTAGN, so we proceeded to fit several standard models of reflection.
Reflection models
As a first attempt, we used the PEXRAV model (Magdziarz & Zdziarski 1995) to fit the reflection continuum. PEXRAV assumes a slab geometry with an infinite optical depth of the reflector. It does not model the corresponding fluorescence emission lines expected, so a Gaussian component with fixed rest-frame energy of 6.4 keV and width σ = 50 eV was included to simulate the strongest expected neutral Fe Kα line. A direct transmitted PL with normalization and photon index tied to those of PEXRAV was included separately and absorbed by both photoelectric absorption and Compton scattering associated with the torus using the ZPHABS and CABS models in XSPEC, respectively. The PEXRAV reflection continuum was assumed not to be absorbed by the torus, as may be expected if the reflection arises in the visible portions of the back face of the torus, for example. Solar abundances were assumed. This model is referred to as 'Model P'.
PEXRAV has historically been a popular model for fitting reflection spectra, and it is useful for comparison with published analyses of other sources. But since it does not self-consistently include fluorescence emission and requires ad-hoc assumptions about the visible reflector solid angle, we also fitted more physically selfconsistent reflection models MYTORUS (Murphy & Yaqoob 2009 , hereafter, 'Model M') and TORUS (Brightman & Nandra 2011, hereafter 'Model T') . These models both describe photoelectric absorption, Compton scattering and fluorescence iron emission from a toroidal gas structure centered on the AGN. There are differences between the two models which allow an investigation of the systematics associated with the unknown geometry of the obscurer. Whereas the geometry assumed by MYTORUS is a doughnut shape, with a line-of-sight column density NH(los) tied to the inclination angle (θinc) and the equatorial column NH(eq), TORUS takes a conical section of a sphere with NH(los) being independent of θinc for any line-of-sight passing through the torus. MYTORUS assumes a fixed covering factor of 0.5, whereas this is allowed to vary in TORUS through a variable opening angle θtor. MYTORUS allows the direct component to be decoupled from the scattered (MYTORUSS) and fluorescence (MYTORUSL) components and investigated independently of each other, whereas TORUS does not. Tabulated models are publicly available for both models up to column densities of NH(eq) = 10 25 cm −2 (for MYTORUS) and NH = 10 26 cm −2 (for TORUS), respectively. Both models assume Solar abundances.
Additional model components
With an angular resolution of 2 arcmin (half power diameter), Suzaku cannot resolve out X-rays emitted by sources other than the direct AGN emission and torus reflection. These sources include emission from extended gas photoionised by the AGN, thermal emission from a hot interstellar medium, intrinsic AGN emission that is scattered from reflecting media above the torus, and emission from other point sources such as X-ray binaries. These sources may all dominate at low energies, typically below ∼ 2 keV where the direct AGN emission is completely absorbed. Distinguishing between these various sources generally requires high spectral resolution and high sensitivity soft X-ray data (e.g. Guainazzi & Bianchi 2007) . In the absence of such data, we simply parametrised the soft X-rays regime using a thermal model with the APEC code (Smith et al. 2001 ) in conjunction with a scattered PL (with scattering fraction fscatt relative to the intrinsic AGN continuum), and discuss its feasibility in the Discussion section. These were added to all three reflection models described above. Note that the spectral portions between energies of 1.7-1.9 keV and 2.1-2.3 keV are ignored because of instrumental calibration uncertainties related to the Si and Au edges. Finally, fixed Galactic absorption of 1.1 × 10 21 cm −2 (Dickey & Lockman 1990 ) was also included in all spectral fits.
The XSPEC notation used to describe the three models is as follows, with explanatory associations in square brackets:
c 0000 RAS, MNRAS 000, 000-000
Combined Suzaku and Swift fits
The Swift/BAT observation provides a long-term average of the source flux. The Suzaku HXD/PIN flux limit is consistent with the Swift/BAT detected flux over 15-60 keV, meaning that the source could not have brightened significantly during the Suzaku observation with respect to the long-term average. We cannot rule out source fading, though CTAGN are generally dominated by reflection and variability is mitigated on light travel times across the torus. We thus fitted the Suzaku and Swift data simultaneously, accounting for flux variability and cross-calibration uncertainties using a scalar (CONSTANT) parameter C BAT XIS in the fits. This is fixed to 1 for the XIS FI and allowed free to vary for XIS BI as well as BAT. A caveat to be kept in mind is that we cannot rule out a 'changing-look' nature with significant spectral variability using this approach. Fig. 2 shows results of the fits for the three reflection models that we attempted, and the best fit parameters are listed in Table 1 . Model P yields an acceptable fit with a column density NH(los) ≈ 1.4 × 10 24 cm −2 that is borderline Compton thick. The data quality are not high enough to constrain θinc and the reflection fraction parameter R. The latter was fixed at R = -1 which is equivalent to a geometry where half of the intrinsic AGN emission is reflected, as may be expected for a sky covering factor of 0.5 for the torus. The fits prefer a near edge-on inclination model limit of cos(θinc) = 0.05, though this is formally unconstrained. The fitted AGN photon index of Γ = 1.9 is quite typical of bright wellstudied local AGN (e.g. Mateos et al. 2005; Piconcelli et al. 2005) . The high Fe line EW(Kα) ≈ 1 keV is fully consistent with a Compton thick absorbing column. However, there is a clear offset between the XIS and BAT with the cross-normalization constant of BAT relative to XIS being significantly larger than 1, and possibly much larger than 2. This could be caused by flux variability as the two datasets are not strictly simultaneous. But it could also be related to the limitations of the PEXRAV model. Since this model does not self-consistently model the fluorescence emission strength, and since the transmitted and reflected components (likely dominating above and below 10 keV, respectively) are decoupled, there can be significant degeneracy when fitting non-simultaneous data covering non-overlapping energy ranges. In fact, as we show below, use of the more physical torus reflection models do not require large cross-calibration factors.
We first considered the TORUS model T. The fitted intrinsic continuum PL has a photon index Γ = 2.1 and is absorbed by a high column density of NH > 1.6 × 10 24 cm −2 consistent with being Compton thick at 90 % confidence. The upper NH limit is unconstrained, with the model threshold of NH = 10 26 cm −2 allowed. The Fe line is treated self-consistently in the TORUS model as fluorescence from the torus. In order to gauge the line strength separately, we fitted an adhoc model with a power law continuum fixed to an approximation of the continuum fitted by the TORUS model between energies of 5.5 and 7.0 keV (excluding the line), and then overlaid a Gaussian component to model the Kα line. For the XIS FI data, this yielded EW(Kα) ≈ 0.8 keV. Allowing the continuum level to vary increases the line strength to EW(Kα) ≈ 1.0 keV.
The cross-normalization constants between the XIS FI and BI, and also between XIS FI and BAT, are both consistent with 1 within the uncertainties, though a factor of up to ≈ 2 variation between BAT and XIS cannot be excluded. θinc is unconstrained, so was fixed to its maximum value of 87.1 deg as is common practice (Brightman et al. 2014 ). This allows the full range of θtor values to be investigated. We find that θtor values down to the lowest allowed model threshold of 26 deg are allowed. But θtor >72 deg are excluded. A scattered PL is required though fscatt is constrained to be small below ∼ 1 %. Note that we fixed the photon index of the scattered component to be the same as that of the intrinsic AGN PL. The temperature of the APEC component is ∼ 0.7 keV in all three models.
We next tried replacing the torus reflection component with the simplest version of MYTORUS (model M) which couples the normalizations and column densities of the scattered and fluorescence components to the zeroth order absorption distortion model of the direct continuum. The softer APEC and scattered components were included as before. As seen in Fig. 2 and Table 1 , this can yield a fit as good as Model T, again with a Compton thick obscurer solution with NH(los) = (2 − 7) × 10 24 cm −2 . The opening angle of the torus is effectively fixed in the coupled MYTORUS model, and a broad range of inclination angles θinc = 64-85 deg is allowed.
DISCUSSION
We have presented the first pointed X-ray observations of NGC 4785. The source has long been known as a relatively nearby Sy 2, but little is known of the intrinsic AGN properties. With Suzaku, in combination with Swift/BAT, we show the source to be a bona fide CTAGN. This is based upon broadband X-ray spectral modelling over the range of ≈ 0.3-195 keV and the detection of a prominent neutral Fe Kα emission line, both of which can be selfconsistently fitted with the latest models incorporating Compton scattering off toroidal obscurers.
Broadband spectral components
The obscuring column density along the line-of-sight is constrained to be greater than 2 × 10 24 cm −2 for both the torus models that we tried, and near Compton thick in the PEXRAV model. Although all three models are approximately consistent, the fits described in the previous section demonstrate that the physical torus models can effectively produce more spectral curvature than PEXRAV, and can fit both the XIS and BAT regimes without the need for large crosscalibration factors. Furthermore, unlike PEXRAV, these models selfconsistently produce fluorescence emission. Therefore, for the remainder of this paper, we concentrate on the results of the torus models.
Model M demands NH ≈ (2-7) × 10 24 cm −2 . For model T, the NH upper limit is apparently unconstrained with values as high as the model threshold of NH = 10 26 cm −2 allowed. But examining these solutions with extreme NH values shows that they require a significant mismatch between the Suzaku and Swift flux levels, with the cross-normalization constant C BAT XIS FI being ≈ 2. Although such strong variability cannot be completely ruled out, it is unlikely for a highly obscured AGN with distant reflection washing out rapid and strong fluctuations. Restricting the C BAT XIS FI to within 20% of unity (say) and carrying out the fit to model T yields NH ≈ (2-9) × 10 24 cm −2 . We also note that we have not attempted more complex models such as the decoupled MYTORUS configuration which allows greater flexibility in setting the line-of-sight and global torus properties independently. The present data quality is not high enough to warrant models with many more degrees of freedom. In particular, it will be very useful to have contiguous broadband coverage without a data gap around 10 keV in order to mitigate instrument cross-calibration uncertainties. These issues (Murphy & Yaqoob 2009 ).
Model T: TORUS model component fit (Brightman & Nandra 2011) . can be better investigated with data from NuSTAR (Harrison et al. 2013) and ASTRO-H (Takahashi et al. 2012 ).
The soft band luminosity of the APEC component is L0.5−2 = 1.6 × 10 40 erg s −1 (corrected for Galactic absorption). The luminosity of the hot thermal gas in the host galaxy described by APEC should be related to the star formation rate (SFR). Using the relation of Mineo, Gilfanov & Sunyaev (2012) , we find SFRX−ray = 30 +37 −16 M⊙ yr −1 (1-σ scatter). This can be compared with the SFR measured in the far-infrared. NGC 4785 was detected by the IRAS mission with a bolometric (8-1000 µm) luminosity L8−1000 = 5 × 10 10 L⊙ (2 × 10 44 erg s −1 ), based upon the 12-100 µm fluxes in the IRAS Faint Source Catalog v2.0 (Moshir & et al. 1990 ) and equations from Sanders & Mirabel (1996) . Using the far-infrared luminosity vs. SFR relation by Kennicutt (1998) , we find SFRIR = 9 M⊙ yr −1 . This is close to the lower 1-σ limit implied by SFRX−ray and a star formation contribution to both the infrared and soft X-rays appears viable. However, it should be noted that high spectral resolution and high sensitivity observations have shown AGN photoionisation to dominate the soft X-ray emission of nearby Seyferts (e.g. Sako et al. 2000; Kinkhabwala et al. 2002; Guainazzi & Bianchi 2007) . A complex of photoionisation lines can mimic a thermal spectrum in low spectral resolution data, and in such a case, the soft X-ray contribution related to star formation could decrease and become consistent with the far-infrared. Such a scenario would also affect the level of the scattered component that dominates over energies of ≈ 1-4 keV, and there is some degeneracy between these components. The best way to distinguish between the various physical models for the soft X-ray emission is through high spectral resolution observations, e.g. using the Soft X-ray Spectrometer which will soon be available onboard ASTRO-H (Takahashi et al. 2012 ).
AGN luminosity
The observed (absorbed) 2-10 keV AGN luminosity of NGC 4785 is L obs 2−10 = 1.1 × 10 41 erg s −1 . The intrinsic luminosity must be higher but is largely unknown, even from indirect diagnostics that are often used as bolometric AGN luminosity indicators. These diagnostics include the [O III]λ5007Å emission line (e.g. Panessa et al. 2006 ) and the hot dust AGN emission (e.g. the 12 µm nuclear continuum luminosity Gandhi et al. 2009 ). Absolute optical emission line fluxes have not been published, to our knowledge. In the infrared, one may use data from the WISE all sky survey (Wright et al. 2010) . The latest AllWISE catalogue tabulates pipeline-measured magnitudes based upon profile-fitting on ∼ 6 arcsec scales. We used the standard zeropoint from Jarrett et al. (2011) and find a monochromatic 12 µm luminosity in the W 3 band (which has a central wavelength closest to 12 µm) of 7.2 × 10 42 erg s −1 . This is to be regarded as an upper limit of the monochromatic AGN power given that there is likely to be at least some non-AGN contamination. In fact, as we discuss later, the WISE fluxes are very unlikely to be AGN-dominated.
NGC 4785 is also included in the large atlas of high angular resolution mid-infrared (hereafter, mid-IR) imaging compiled by Asmus et al. (2014) where the nucleus is a nondetection on sub-arcsec scales with a luminosity upper limit L12 ≡ λL λ (12 µm) < 2×10 42 erg s −1 . This flux is an extrapolated estimate based upon a single VLT/VISIR (Lagage et al. 2004 ) filter observation in the PAH2 band centered on 11.25 µm in the observed frame. The observation was aborted before completion, resulting in a prominent pattern in the background across the image.
We checked that such artifacts should not adversely affect the photometry drastically, though multi-band photometry is required to unambiguously prove this to be the case. There is no mid-IR spectrum of the source available so it is unknown if there is a strong Silicate absorption feature affecting this band.
In X-rays, the intrinsic AGN flux is simply the integral of AE 1−Γ over the energy range of interest, with Γ being the fitted photon index and A the normalization. However, constraining the intrinsic PL flux level of CTAGN can be subject to great uncertainty given the unknown geometry of the absorber (e.g. Yaqoob 2012 ). Most studies of CTAGN do not quote errors on the intrinsic luminosity, or use the uncertainty on the normalization alone as an error on the luminosity for simplicity, not accounting for the joint variation of Γ. As a result, the uncertainty on the luminosity may be severely underestimated.
Here, we measure realistic luminosity uncertainties by computing the joint 90% confidence contours on the two interesting parameters of A and Γ. The 90% confidence interval on the intrinsic flux (and thus luminosity) is then computed from the flux for all sets of parameters that lie within this 90% confidence region. Fig. 3 shows the resultant relative χ 2 values for various values of L2−10 (i.e. various combinations of A and Γ). It is clear that there is large uncertainty in L2−10. For model T, the 90% range corresponding to a ∆χ 2 = 4.61 for two interesting parameters spans ≈ 2 × 10 42 erg s −1 to 2 × 10 43 erg s −1 . Model M turns out to be even less constraining with luminosities up to 10 44 erg s −1 allowed. Fixing Γ at a value of 1.9 corresponding to the mean observed in well-sampled AGN spectra (Mateos et al. 2005; Piconcelli et al. 2005) , we find L2−10 = 4.7 +9.4 −1.7 × 10 42 erg s −1 (model T) and L2−10 = 8.7 +120 −7.0 × 10 42 erg s −1 (model M), respectively, with the error in these cases being determined by the normalization uncertainties alone.
These X-ray luminosities are consistent with known infrared:X-ray luminosity relations for Seyferts (e.g. Horst et al. 2008; Gandhi et al. 2009; Asmus et al. 2011) within the large present uncertainties, though the VLT and WISE luminosities quoted above prefer the lower end of the allowed X-ray range. For example, using the L2−10 vs. L12 relations by Gandhi et al. (2009) with the WISE luminosity predicts L2−10 = (3-5) × 10 42 erg s −1 . Using the VLT/VISIR upper limits instead, the predicted luminosities are L2−10 < (0.9-2) × 10 42 erg s −1 which are in light tension with the 90% confidence intervals of L2−10 from models M and T. This may be a sign of mild anisotropy in the mid-IR emission of the obscuring torus (e.g. Hönig et al. 2011) . Deep multi-band sub-arsec photometry will be able to test this, as will obtaining a mid-IR spectrum to search for any absorption related to the Silicate feature.
Another potential proxy of the intrinsic luminosity is provided by nuclear water masers. A possible relation between AGN power and masing luminosity has been published by Kondratko, Greenhill & Moran (2006) , with L2−10 being a proxy of the AGN power driving the maser. Braatz, Wilson & Henkel (1996) carried out H2O maser observations of NGC 4785 and show that the source is undetected down to an isotropic luminosity LH 2 O ∼ < 4 L⊙ (1-σ). A 3-σ limit, together with the Kondratko, Greenhill & Moran (2006) relation, would predict L2−10 ∼ < 7 × 10 8 L⊙ (3 × 10 42 erg s −1 ) though a factor of a few higher luminosity is allowed by the relation scatter.
In summary, our X-ray modelling shows that L2−10 lies above ≈ 2 × 10 42 erg s −1 for both models M and T at 90% confidence. At the upper end, model T lies below L2−10 ≈ 2 × 10 43 erg s −1 , whereas model M is much less constrained and allows values above 10 44 erg s −1 . However, two other proxies of the AGN power (the 12 µm continuum and the water maser power) both prefer the lower end of the allowed L2−10 range. As a conservative X-ray estimate, we therefore use the range of uncertainty found from model T, i.e. a 1 dex interval of L2−10 ≈ 2 × 10 42 -2 × 10 43 erg s −1 . Measurement of the [O III] narrow emission line luminosity will provide an additional indirect diagnostic on the intrinsic power, as will direct sensitive broadband X-ray spectroscopy with NuSTAR.
Comparison to other bona fide CTAGN
How is NGC 4785 placed in the context of other known bona fide CTAGN? Fig. 4 shows the distribution of known bona fide CTAGN as compiled by Gandhi et al. (2014, and references therein) on the canonical WISE colour-colour plane. Increasing levels of AGN contribution to the mid-IR fluxes (relative to the stellar host galaxy contribution) have been shown to move objects approximately upwards in this plot, with most AGN dominated sources found above the colour cut of W 1 -W 2 = 0.8 proposed by Stern et al. (2012) and also within the AGN wedge proposed by Mateos et al. (2012) . It is clear from the plot that the bona fide CTAGN population is quite heterogeneous in its mid-IR colour distribution, with about half of the sources lying below the AGN wedge and cut thresholds. In general, more luminous Seyferts are able to dominate the observed mid-IR fluxes (see also Asmus et al. 2014 ) and so lie above the thresholds. However, not all sources outside the AGN wedge are intrinsically weak (e.g. NGC 6240 and Mrk 3). And of all bona fide CTAGN, NGC 4785 shows the bluest W 1 -W 2 colour, despite the fact the AGN power is not especially weak in X-rays. This could result either from strong host star formation activity contributing to the mid-IR, or from anisotropic and/or weak reprocessed torus emission. Detailed modelling of the broadband spectral energy distribution (SED) will be required to distinguish between these scenarios, which is beyond the scope of this work. The high SFR values derived in Section 4.1 would support an elevated host galaxy stellar dilution to the mid-IR.
However, the non-detection of the nucleus in high angular resolution imaging by Asmus et al. (2014) could instead support an atypical SED for NGC 4785. This is shown in Fig. 5 , which includes the 15 bona fide CTAGN with mid-IR photometry in the Asmus et al. (2014) atlas. The absorbed and the intrinsic X-ray luminosities for each source are compared to sub-arcsec 12 µm photometry. Correction for absorption places almost all sources close to the mid-IR vs. X-ray relation derived for a local sample of Seyfert galaxies by Gandhi et al. (2009) . NGC 4945 is the strongest known outlier, being underluminous in the mid-IR by about two orders of magnitude for its X-ray power (Krabbe, Böker & Maiolino 2001; Levenson et al. 2009; Asmus et al. 2014b, in prep.) . In fact, this source is known to be a uniquely prominent outlier in terms of many of its properties, including showing weak and absent coronal lines (Goulding & Alexander 2009 ), potentially possessing a fully embedded AGN (Done et al. 2003 ) and a putative obscuring torus with atypically low covering factor (e.g. Madejski et al. 2000; Itoh et al. 2008; Puccetti et al. 2014) . Much of the X-ray reflection signatures usually attributed to a circumnuclear torus instead appear to originate in clouds on much large scales associated with a starburst ring (Marinucci et al. 2012) , which may result in lack of hot dust in the immediate AGN environment. Finally, part of its mid-IR decrement with respect to the mid-IR:X-ray relation may also be related to the edge-on orientation of its host galaxy, with its strong 10 µm Silicate absorption feature arising on host galaxy scales (Goulding et al. 2012) .
NGC 4785 is also underluminous with respect to the mid-IR:X-ray relation, but only mildly based upon the present mid-IR upper-limit (and with the aforementioned caveat about the unknown contribution of Silicate absorption in the high angular resolution data). The inclination angle of the host galaxy is 65.5 deg according to the HyperLEDA database 5 , and there are no obvious signatures of dust lanes in archival optical and near-IR imaging, so this is clearly a different configuration as compared to NGC 4945. However, the core of NGC 4785 has been found to possess a complex structure, showing a bright thick double bar as well as an inner disk on scales of ∼ 0.3-3 kpc (Márquez et al. 1999; Erwin 2004) . Mapping the nuclear extinction and cold dust content (e.g. with multi-band optical, infrared and sub-mm observations) will shed more light on the magnitude of large scale obscuration related to the host galaxy, as will obtaining a mid-IR spectrum to search for Silicate absorption.
In any case, it is clear that if there is a large population of other such CTAGN, they will not be identified easily in the mid-IR alone, even through analyses of the multi-band SEDs, as their AGN mid-IR signatures are sub-dominant. Infrared coronal lines such as the [Ne V] λ 14.3 µm line are excellent AGN indicators (Weaver et al. 2010; Meléndez et al. 2011; Goulding et al. 2012; Annuar et al. 2014, in prep.) , but infrared spectroscopy is highly time-intensive. All-sky X-ray surveys (either with the deepening Swift/BAT survey above 10 keV, or with the upcoming SRG/e-ROSITA mission below 10 keV; Merloni et al. 2012 ) combined with broadband X-ray modelling may be the best way to uncover this population of sources. The samples used to define the already published mid-IR:X-ray relations (e.g. Krabbe, Böker & Maiolino 2001; Lutz et al. 2004; Levenson et al. 2009; Gandhi et al. 2009; Asmus et al. 2011 ) do include other edge-on systems, barred and dusty galaxies, and it is not obvious that a significant population of such sources has been missed thus far, but this remains an issue to be investigated with larger complete samples.
Finally, we note that the presence of Compton thick obscuration has been linked to the presence of stellar host galaxy bars (Maiolino, Risaliti & Salvati 1999) , and NGC 4785 appears to support this link. Of the 24 bona fide CTAGN in Fig. 4 with detailed morphological studies, 11 have known bars according to the HyperLEDA database. Another 2 lie in edge on systems, where a bar may be difficult to identify. This suggests that 11 of 22, or 50 +24 −18 % of bona fide CTAGN are associated with barred hosts.
6
The overall fraction of spiral galaxies with bars is known to be a strong function of stellar mass (Nair & Abraham 2010) , with a value of ≈ 0.25-0.3 (or 25-30%) for galaxies with a stellar mass of a few times 10 10 M⊙ that should be typical for local hard X-ray detected AGN (Koss et al. 2011) . So there appears to be an excess of CTAGN in barred hosts as compared to the overall galaxy population with bars. However, bar identification has many caveats. For instance, it has been shown that the bar fraction determined from infrared imaging is about twice as high as when using optical imaging (Eskridge et al. 2000) . Therefore, caution is required when interpreting this result, and a detailed assessment of the significance and cause of this suggestive link will be important for understanding the heterogeneity in CTAGN properties. . WISE colour-colour plot for all known bona fide CTAGN from Gandhi et al. (2014) , now also including NGC 4785. The 'AGN wedge' from Mateos et al. (2012) and the colour cut from Stern et al. (2012) are shown with the continuous and dashed lines, respectively. Profile-fitting photometry from the AllWISE database is used here, except for Mrk 3 where the 3-band Post-Cryo WISE catalog is used because there is no reported W 3 flux in the AllWISE database. The sizes of the symbols scale with logarithmic intrinsic 2-10 keV power (size key on the lower left). Median 1-σ errors on the colours are approximately 0.03 mag, except for larger errors in the case of two sources with saturated WISE photometry NGC 1068 and Circinus. No correction is made for this minor effect, as this is not relevant for the discussion here. For NGC 4785, two mid-IR luminosities are plotted: the detection is from WISE and the upper-limit denoted by arrows is from the VLT. A horizontal bar is shown in both cases spanning the 90% uncertainty on the intrinsic X-ray luminosity.
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